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Modification  of  the  AN/TRC-97A 
Antenna  System 

1.  I  INTRODUCTION 

In  response  to  a  request  by  H ADC/ IJCCT,  KADC/ KKAA  undertook  the  task  of 
investigat ing  the  feasibility  of  improving  the  sidolobe  strueture  of  the  AN /TKC -07 A 
Troposeatter  Antennas.  The  approaeh  taken  in  this  study  was  to  evaluate  options 
that  would,  in  varying  degrees,  utilize  the  present  refleetor  and  so  arhieve  a  svstem 
improvement  at  low  eost  to  the  government.  The  options,  ranked  in  order  of  in¬ 
creasing  complexity  and  cost  are  to  simply  alter  the  feed  horn  illumination  on  the 
main  lens,  to  reduce  or  redistribute  food  blockage  if  possible,  to  use  a  Cassegrain 
configuration  with  a  small  subreflector  for  low  blockage,  and  finally  to  procure  an 
offset  reflector  antenna  with  a  highly  tapered  illumination.  This  report  includes 
theoretical  studies  in  Appendices  A  and  l(  that  address  these  options,  and  in  addi¬ 
tion  it  presents  experimental  data  of  a  potentially  low  cost  option  that  lowers  the 
sidelobes  in  the  azimuth  plane  at  the  expense  of  elevation  plane  sidelohes. 

2.  CKNKRM.  DISCUSSIONS 

existing  AN/  1  KC-dTA  Tr-moseatter  Antennas  were  designed  more'  than  ten 
years  ago  during  an  era  of  modest  KCM/AHM  eapahilitv.  Consequently  design 
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emphasis  on  extremely  low  sidelobe  levels,  a  must  m  today's  !■.'(  M  envi  ronment , 
was  not  required.  A  sketeh  of  the  original  parabola  and  feed  horn  assembly  is 
shown  in  Figure  1.  The  sidelobe  level  in  the  immediate  proximity  to  the  main  beam 
is  due  to  the  following: 

(1)  Aperture  illumination  of  the  refleetor  bv  tin1  feed, 

(2)  Distortion  and/or  manufacturing  tolerances  of  the  refleetor, 

(3)  Aperture  blockage  due  to  the  feed  structure. 

The  wide  angle  sidelobes  are  due  primarily  to  spillover  energy  radiated  bv  the 
feed  and  not  intercepted  bv  the  refleetor.  No  attempt  was  made  in  this  study  to 
address  this  problem  because  of  the  dominance  of  the  near  sidelobes. 

The  approach  taken  in  this  study  was  to  conduct  a  theoretical  investigation 
coupled  with  an  experimental  modification  program. 

1.  Theoretical  investigation:  to  determine 

(a)  F fleet  of  feed  blockage, 

(b)  Analysis  of  sidelobes  predicted  by  a  Cassegrain  system, 

(c)  Best  sidelobe  structure  possible  with  other  alternatives. 

2.  Experimental  investigations: 

(a)  Redesigning  the  feed  horn, 

< b)  Rerouting  existing  waveguide  runs  to  reduce  the  blockage 
sidelobes  in  the  azimuth  plane. 


Figure  1.  Original  l  cedhorn 
and  Waveguide  As  .cmblv 


3.  THEORETICAL  RESULTS 


The  theoretical  investigations  were  conducted  bv  Ronald  L..  h  aute,  and  the  re¬ 
sults  presented  are  in  the  letter  report  of  4  January  HH>0,  "  A  Study  of  the  Effect 
of  Feed  Blockage  on  the  AN/TKC-97A  Antenna"  (see  Appendix  A)  and  the  letter 
report  of  20  February  1980,  "Analysis  of  the  Effect  of  Subreflector  Blockage  on 
the  Radiation  Pattern  of  a  Cassegrain  Modification  to  the  AN/THC-9 «'A  Antenna" 
(see  Appendix  B).  The  results  suggest:  (1)  that  changing  dish  illumination  will  not 
Significantly  reduce  the  sidelobe  levels  as  the  computed  data  indicate  that  the 
primary  source  of  the  sidelobes  is  strut  and  waveguide  blockage;  and  (2)  that  be¬ 
cause  of  subreflector  blockage  it  does  not  appear  possible  to  design  a  Cassegrain 
(monopod)  modification  to  yield  sidelobes  less  than  -JO  dB;  but  that  degree  of  im¬ 
provement  is  likely  possible  using  the  present  reflector  tolerances  and  with  careful 
engineering  of  the  subreflector  size  and  taper.  Recent  results  w  ith  offset  fed 
reflector  antennas  indicate  that  far  better  sidelobe  structures  can  be  obtained  by 
these  configurations  at  the  possible  expense  of  some  polarization  deterioration. 

This  is  an  issue  that  must  be  considered  further  should  the  decision  be  taken  to 
seek  very  low  sidelobe  patterns. 

Figures  2  and  3  show  the  plots  of  the  calculations  made  by  Fante  for  both 
polarizations  of:  (1)  The  Cassegrain-Monopod  ease;  and  (2)  the  best  possible  ease 
attainable  with  the  existing  system  having  optimum  dish  illumination  with  no  block¬ 
age.  The  two  cases  are  compared  witn  the  patterns  of  the  original  antenna,  ob¬ 
tained  from  RADC/DCCT.  Figure  2  is  a  comparison  of  the  vertical  polarization 
patterns  while  Figure  3  compares  the  horizontal  polarization  patterns. 

Note  that  to  the  main  beam  there  is  little  advantage  to  using  the  Cassegrain 
system,  as  the  sidelobe  level  remains  high;  however,  beyond  ±  10°  a  distinct 
advantage  is  obtained  as  the  sidelobes  are  reduced  considerably. 
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Comparison  of  tin*  Original  AN  <  1  RC -'.’7  A  Patterns  With 
Fante’s  Calculations  (Vertical  polarization) 
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Figure  9.  Comparison  of  the  Original  AN/TRC-97A  Patter  ns  With  the  Modified 
Feed  Structure  Patterns  [Vertical  polarization  (4.9  GHz)] 


Figure  10.  Compar  ison  of  the  Original  A.M  r\  111'  -07  A  Patterns  With  the  Modified 
Feed  St  nurture  Patterns  (Horizontal  pola  rizal  ion  (4 . 0  GHz)] 
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5.  CONCLUSIONS 


It  is  apparent  from  Ronald  I..  Fame's  ealculat ions  and  these  measurements 
that  no  simple  solution  exists  that  will  result  in  reduction  in  the  sidelobe  level  of 
the  AN/TRC-D7A  antenna  beyond  -.'JO  dU.  To  achieve  an  nppreeiable  im pr- .vee ,e nt 
over  the  existing  waveguide -feed  combination  an  offset  fed  system  should  be  con¬ 
sidered.  (See  for  instance  HA  DC  Report  TR-77-:il:l  entitled  "Fl'CM  Antenna 
Development"  bv  RCA  and  RA DC  Report  TR  -77 -2204,  "Design  of  Parabolic  Cylinder 
Reflector  Svstem  with  Low  Sidelobes",  R.  L.  Fame.  ) 

Another  alternative  that  would  yield  lower  sidelobes  than  the  existing  feed 
structure  in  the  azimuth  plane,  but  cause  some  degradation  in  the  elevation  plane, 
would  be  to  relocate  the  leed  structure  as  in  Figure  -4  of  the  experimental  work. 

This  results  in  a  sidelobe  decrease  of  approximately  10  dH  in  the  main  beam  area 
of  the  azimuth  plane  patterns  (i  10’)  and  a  sidelobe  improvement  ot  about  7  dll 
beyond  <  10’. 
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Appendix  A 

A  Study  of  the  Effect  of  Feed  Blockage 
On  The  AN/TRC-97A  Antenna 

VVi'  have  studied  the  el'te.  t  of  feed  hhn  kaue  on  the  pel  'lormanre  ot  ihe  AN  I  Hi 
t '  7  A  antenna.  A  drawing  ol  the  front  view  >!  this  antenna  is  shown  in  In.’ me  A  I . 

In  the  ahseine  of  anv  l>lc>rk:u>e  the  field  radiated  hv  this  antenna  i  an  he  written 

2T  H 

o  . 

(  (It,  ))  f  !0  f  r  dr  Kid  exp  f  i  k  r  sin  n  ,ui  (0-0  )> 

o  j  o  •>  I  O  I 

<  »  u 

l 

.7  1C  f  dsl'(s'~l.l  (K  K  sill  •<  S1  (All 

O  +  ()  O 

wIutc  H  -  4  !t  is  the  radius  of  the  pa  raboln*  ivlli’t-itu',  Mr)  is  Mir  .iihtiiiiv  taper 
ami  .1  ^  (  /i)  is  a  Hessel  function.  Also  k  2r,  A,  A  2,  >  1  nu  ll. 

In  the  realislir  svstem  there  is  hhn  ka^*-  due  t<>  the  struts,  tin*  vs  u\  eL«m>  Irs. 
and  the  feed  assembly.  Hv  us  ini’  data  in  the  Hadar  (  mss  S«*«  tern  Handbook ^  m 
have  calculated  the  effective  I>1  Oi  •kai’e  width  (for  A  2.  a  1  in.  )  ot  the  waveguide- 
and  the  struts.  d  hese  are  summarized  m  Table  A  I.  lie-  blockade  me  to  •>,,  '«•<•  i 

assembly  has  been  approximated  hv  a  .uvular  hloekaije  leumi  radius  M  ^ .  1  hi- 

equivalent  model  is  shown  in  Figure  Ad. 

1.  Radar  Cross  Section  Handbook,  (Jeori’e  Km  k.  Kd.  ,  I'lrmim  l'r  »  ".s.  (!  om 
(Chant  i-r  4 ). 
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In  writing  K'q.  < A 4  >  wo  have  ignored  the  effect  of  strut  blockage  in  the  o  ■  0a  plane, 
because  it  has  tin*  same  beamwidth  as  the  unblocked  pattern. 

Kquations  (A3)  and  (A4)  have  been  evaluated  numerically  and  the  results  are 
shown  in  Figures  A3  through  A6.  Also  shown  on  Figures  A3  through  A6  is  measured 
data.  *  Note  that  the  theory  predicts  roughly  the  same  blockage  sidelobe  levels  as 
are  measured. 

In  Figure  A7  we  show  the  calculated  pattern  | using  Kq.  AO]  for  the  case  when 
all  blockage  is  removed,  but  the  illumination  on  the  dish  has  the  same  taper  f(r)  as 

the  present  AN /THC  -!*7  A.  In  Figure  A7  we  also  show  the  radiation  pattern  w  hich 

•y 

would  be  obtained  if  the  only  blockage  were  a  5-in.  diameter  circular  region  at 
the  center  of  the  aperture.  This  is  typical  of  the  type  of  blockage  which  would  be 
present  if  the  illumination  were  produced  using  a  dielectric -supported  subreflector. 

The  sidelobes  shown  in  Figure  A7 .  for  the  case  of  the  5 -in.  diameter  circular 
blockage,  are  not  improved  significantly  bv  reducing  the  edge  taper  on  the  reflector. 
This  is  evident  from  Figures  Ada  and  Alib,  where  we  compare  the  radiation  pattern 
of  the  reflector  (with  5 -in.  and  10-in.  diameter  circular  blockage)  for  the  case 
of  -12  dB  edge  illumination  with  -26  <1B  edge  illumination. 

We  have  also  calculated  the  residual  sidelobe  levels  which  are  produced  by 
tolerance  errors  in  the  construction  of  the  AN/TRC-H7A  reflector.  The  specified 
rms  surface  tolerance  is  1.  16  in.  ,  but  the  lateral  correlation  length  is  unknown. 

The  average  sidelobe  level  at  0  due  to  tolerance  errors  is' 
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where  A  is  the  rms  surface  error  and  a  is  the  surface -error  correlation  length, 
file  worst-case  sidelobes  occur  for  a  2/k  sin  if.  We  then  get 
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In  Figure  w  e  show  thcworst-rn.se  error  sidelobes,  along  w  ith  those  tor  sur¬ 
face  correlation  lengths  ol  1/4  ill.,  I  in.,  4  in,,  ami  6  inches,  liven  lor  worst  - 
case  correlations  the  error  sidelobes  of  the  ,\N  '1  HC-uVA  reflector  will  be  below 
-  It)  dB  tor  U  •  1!)  . 
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Figure  A5.  Pattern  for  Vertical  Polarization  in  the  Horizontal  Plane 


Figure  A6.  Pattern  for  Vertical  Polarization  in  the  Vertical  Plane 


RADIATION  fVTERN 


Figure  A7.  Radiation  Pattern  of  the  AN/TRC-P7A  Reflector 
(12  dB  Edge  Illumination) 
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Appendix  B 


Analysis  of  the  Effect  of  Subreflector  Blockage 
on  the  Radiation  Pattern  of  a  Cassegrain  Modification 
to  the  AN/TRC-97A  Antenna 


lit.  ANALYSIS 


Iri  this  appendix,  wo  will  oaloulalo  the  sidolobe  levels  lor-  the  AN  TRC-d?A 
antenna  when  it  is  fed  in  an  optimally  designed  Cassegrain  configuration.  The 
minimum  blockage  design  corresponds  to  the  use  when  the  shadow  cast  upon  the 
main  reflector  bv  the  feed  is  exactly  equal  to  the  shadow  cast  bv  the  hvperboloida] 
subrcflector.  l.’pon  referring  to  Figure  HI  we  see  that  this  condition  is  expressed 
via  t  he  equal  ions 
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where  A  is  the  signal  wavelength.  Kquatton  (H8)  is  valid  in  the  magnetie  piano  of 
the  horn,  and  is  not  quite  rorroi’t  in  the  electric  plane. 

If  we  combine  Kqs.  (HI)  and  (B2>,  along  with  the  definition  of  S  we  obtain 


tan  o  - 

2  >  I  !•' 


Finally.  using  Kq.  (He)  to  express  d  in  terms  of  o  we  get 

"2.1 o  a  k ■  (**!LJl)]"1/“ 

"it  1  +  tan  0  rot  t>  '  ill-’) 

Kquation  (B5)  expresses  the  minimum  possible  blockage  bameter  m  terms  ot  the 
angle  "  subtended  at  the  t'oeus  bv  the  main  refleetor  edge,  and  the  angle  0  sub¬ 
tended  at  the  feed  bv  the  subrefleetor  (for  the  ease  when  tile  subrefleelor  edge 
illumination  is  -20  dli).  We  also  note  that  once  ’■  and  o  are  ehosen  the  subia*!'lector 
eeeentrieitv,  e,  follows  immediately  via 

sin  J-  (t>  +  0) 

('  - » -  ( 1 )  G  l 

sin  rf-  (*i  -  0) 

Also,  onee  0  is  specified  the  diameter,  d  ,  of  the  feed  horn  is  given  bv  Kq.  (B2). 

l  he  AN/ THC-07A  has  a  loeal  length  of  approximately  2 .  2  ft,  a  wavelength,  A  , 
of  2,51  in,  anti  d  —  G-3.  I'sing  these  values  we  obtain  the  results  shown  in  Table  HI 

Table  HI. 
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from  1  able  HI,  we  see  that  the  minimum  possible  subrefleetor  diameter,  1)^ 
is  approximately  1.4  feet.  This  result  is  relatively  insensitive  to  the  suhrefleeioi 
eeeentrieitv,  e.  From  the  last  two  eolumns  ot  I  able  HI  we  also  note  that  the 


distance,  6,  from  the  feed  to  the  subreflector  is  generally  less  than  (2  d  ^/A), 

is  m 

so  that  the  subreflector  is  not  quite  in  the  Fraunhofer  zone  of  [he  feed.  It  is  most 
nearly  in  the  Fraunhofer  zone  when  the  feed  is  close  (high  eccentricity  to  the  sub¬ 
reflector,  as  is  evident  from  Table  HI). 

At  this  point  we  shall  calculate  the  effect  of  the  subreflector  blockage  on  the 
radiation  pattern  of  the  main  reflector,  for  the  case  when  the  main  reflector  has 
a  -20  d B  edge  taper.  This  result  is  shown  in  Figure  B2.  We  observe  from  this 
figure  that  the  feed  blockage  (caused  by  the  hyperboloidal  subreflector)  produces 
near -in  sidelobes  which  are  greater  than  -30  dB,  although  the  tar -out  (angles 
greater  than  0.7  ’)  sidelobes  are  below'  --10  dB. 


Figure  B2.  AN /TRC -1)7 A  Radiation  Pattern  With  Minimum  Blockage 
Cassegrain  Feed  and  -20  dB  Edge  Taper 


One  might  ask  if  we  do  any  better  by  "backing-off"  to  a  -14  dB  edge  taper, 
rather  than  a  -20  dB  taper.  In  this  case  Eq.  (B3)  is  replaced  by  —1.4  AM 

and  we  then  find  that  the  minimum  possible  subreflector  diameter  is  -  1.  10  feet. 
However,  when  we  calculate  the  radiation  pattern  of  the  AN/TRC-97A  reflector 
with  this  blockage  and  a  -14  dB  edge  ilium  '  in  we  again  get  near-in  sidelobes 
greater  than  -30  dB  (in  fact  the  first  side!-.  .  ,s  roughly  -22  dB),  as  is  evident 
from  Figure  B3. 

28 
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Figure  BM.  AN/TKC'-CVA  Radial  ion  Pattern  With  Minimum  Blockage 
Cassegrain  Feed  and  -14  dB  l-alge  Taper 


112.  CONCLUSION  AND  KLCOMMUNU  VI  ION 

Because  ol'  subreflector  blockage  it  does  not  appear  (Hissilile  to  design  a 
Cassegrain -stibreflertor  modification  to  the  AN.'TliC-h7A  which  will  vield  a 
system  radiation  pattern  with  all  sidelohes  less  than  -10  .111.  If  this  performanci 
is  desired  an  offset  fed  system  seems  to  t»e  the  simplest  alternative, 

U2. 1  Ih'xign  of  tin-  Conical  l-i-ctl  Horn 

If  we  should  choose  to  build  the  Cassegrain  svstem  we  will  need  a  toed-horn 
design,  as  shown  below  in  Figure  Bl. 


CIRCULAR 

WAVfGUOf 


Figure  H4. 


I!  we  desire  only  the  TEj.  mode  in  the  waveguide  feeding  the  horn  we  must  rhoosi 
"a"  such  that 

2.  61  a  <  A  <  3.  41  a  ,  /i47i 


because  the  cutoff  wavelength  A  of  the  TK„  is  3.4  1a  and  that  ot  the  next  mode 

l*  1  1 

(TM«  j)  is  2.  61a.  If  we  choose  3a  A  we  have 


2A  (2.  51F 


=  1.  67  inch  . 


The  dimensions  I.  and  (  are  determined  from  the  equations  given  bv  King  (  lufiO) 


Proc.  IKE,  38:240-51.  These  are 

- /w\ 


0.3  It 


and  the  horn  anglcjt//  is  determined  via 


P  -  0.3  A  1  . 


As  an  example,  consider  the  design  for  the  case  when  «•  6.  88  in  Table  HI. 

In  Ihis  case  (d  / At-  I .  !M*  so  that 


cos  (£■  0.  7  h8, 

ij/  M  . 

and 

( fj\  0.!»H6. 


112.2  Example  of  Hyperboloklal  Sulireflector  Design 


Tile  hyperboloid  is  designed  as  shown  in  Figure  Bf>, 


HYPERBOLOID  SATISFYING 


Figure  Da 


In  Figure  115,  a  =  (F'^/2e)  6  =  (F'^/2)  +  a  and 


If  we  choose  to  design  the  system  in  Table  B1  for  which  <•  6.  85  we  have 

F  0.046  ft.  1),,  -  1.41  ft,  a  -  0.0687  ft.  6  =  0.541  ft,  and  X..  0.  124  feet 
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